For the present report, a novel complex class 1 integron, In60, was characterized. Part of this integron includes the bla CTX-M-9 gene and its downstream nucleotide sequence, which shares 81% and 78% nucleotide identity with those of kluA-1 ␤-lactamase and orf3 of K. ascorbata, respectively. Furthermore, a new insertion sequence, IS3000, has been found in In60. PCR analysis indicates that integron In60 is present in 33 of 34 nonclonal enterobacterial isolates carrying the putative ␤-lactamase CTX-M-9.
Class 1 integrons are the most common integrons found in gram-negative clinical isolates (5) . Members of this class of integrons contain a 5Ј-conserved segment (5Ј-CS) harboring the integrase gene (intI1); a promoter region, the attI1 site (within which the 59-be or attC elements of gene cassettes, some of which carry resistance genes, are recombined); and a 3Ј-conserved segment (3Ј-CS) that harbors a defective version of qacE⌬1 and a complete sul1 gene (5) . Integrons have normally been reported in members of the Enterobacteriaceae family and other gram-negative and gram-positive bacteria. While most integrons of class 1 present the structure described above, three unusual class 1 integrons have been identified: In6, In7 (5, 6, 16) , and the integron described for plasmid pSAL-1, from the Salmonella enterica serovar Enteritidis (18) . These integrons contain the complete 5Ј-CS and two copies of part of the 3Ј-CS (Fig. 1) . Gene cassettes are located between the 5Ј-CS and the first copy of the 3Ј-CS. Between the two copies of the 3Ј-CS lies a region of 2.1 kb that is nearly identical in In6, In7, and the integron from pSAL-1 and is followed by a variable region that contains resistance genes. These three integrons, In6, In7, and the integron from pSAL-1, have similar genetic organizations, suggesting that they have a common origin (16, 18) .
In 1996, an Escherichia coli strain (785-D) carrying plasmid pMSP071 containing the extended-spectrum ␤-lactamase CTX-M-9 was isolated in our laboratory (13) . Upstream of the bla CTX-M-9 gene, a sequence having homology with the orf513 present in sul1-type integrons (In6 and In7) was detected (accession number AF174129). This fact suggested that the surrounding region of bla CTX-M-9 is related to a complex integron. Then, several PCR fragments obtained from pMSP071 with primers corresponding to internal regions of In7 and the bla CTX-M-9 gene (Table 1 ; Fig. 1 ) were cloned in pGEM-T plasmid (9) and sequenced according to the dideoxy method (4) using fluorescent primers and the Automatic Laser Fluorescent DNA Sequencer (Amersham Pharmacia Biotech).
The nucleotide sequences of these overlapping PCR fragments confirmed that the bla CTX-M-9 gene is inserted into a complex sul1-type integron, which has been designated as integron 60 (In60).
Characterization of the 5-CS to the first 3-CS region. The first 1,332 nucleotides of In60 are identical to those of the other class 1 integrons, including the intI1 gene and the attI1 site (5). Two different gene cassettes were detected between the 5Ј-CS and the first 3Ј-CS. The first one contains a point mutant derivative of the dfrA16 gene encoding a dihydrofolate reductase (accession number AJ131405). The sequence of this gene cassette was almost identical to the previously described sequence, except at the position of nucleotide 281 (numbered with respect to its position in the gene cassette; bp 1 and 2, TT; last base, G) (nucleotide 1613 in In60), which changed from nucleotide G to T. The second gene cassette contained an aadA2 gene encoding an aminoglycoside adenylyltransferase. The nucleotide sequence of aadA2 was nearly identical to that previously found in both the In6 carried in plasmid pSa (accession number L06822) (1) and another sul1-type integron contained in pSAL-1 (accession number AJ237702) (18) . The only discrepancies were at nucleotides 398 and 495 (with respect to position on the gene cassette [nucleotides 2318 and 2415 in In60]), which changed from nucleotide A to G with a consequent amino acid change from Asp to Gly and from A to G with no amino acid change, respectively. Nevertheless, there was some difference between the imperfect inverted repeats (IRs) of its 59-be and those of aadA2 from pSa and pSAL-1. All of these nucleotide discrepancies were verified in two independent PCR-cloned fragments. Following the 59-be of aadA2, the 3Ј-CS conserved region of class 1 integrons (positions 1 to 1313 of the 3Ј-CS), including the qacE⌬1 and sul1 genes, was detected in In60 ( Fig. 1 ) (from nucleotide 2775 to 4087 in In60).
The internal In60 common region. Downstream of the first sul1 gene, a region common to the three complex sul1-type integrons is found (from nucleotide 4088 to 6241 in In60). This region includes orf513, previously called orf341 which is present in In6 and In7 (accession numbers L06822 and L06418, respectively). The first 320 residues of orf513 are identical to those of orf341 from pSAL-1; however, by insertion of a G in position 960 of the pSAL-1 orf341 nucleotide sequence (with respect to its hypothetical translational starting codon), a longer open reading frame (ORF) corresponding to a 513-amino acid protein which exhibits 100% identity with our orf513 may be generated, suggesting that orf341 is a truncated derivative of orf513.
FIG. 2.
Comparison of regions to which the proposed DNA recombinase preferential site of In60 and of other sul1-type complex integrons and/or plasmids belong (18) . The ␤-lactamase gene detected downstream of these regions is presented in brackets. Solid lines and dots indicate nucleotide identities, and the asterisk represents the point break where the nucleotide sequence changes. In6 contains a direct tandem duplication of the last 392 bases of the common region (16). (2) . It has been proposed (16-18) that orf341 encodes a DNA recombinase, the preferential site of which is downstream of its encoding region and is the site at which insertion of different resistance genes into the complex structure of the integron takes place (Fig. 2) . This hypothetical preferential site is also present 232 bp downstream of the orf513 stop codon in In60 (nucleotide 6241). At a location 99 nucleotides downstream of this boundary, the gene encoding the ␤-lactamase CTX-M-9 is found. A potential promoter, which shows similarity to the E. coli consensus promoter, was identified just upstream of the above-mentioned hypothetical recombination site which, as has been proposed for dfrA10 of In7, could be the promoter of bla CTX-M-9 (11) . It has also been proposed that the kluA-1 or kluA-2 gene from Kluyvera ascorbata or kluC-1 from Kluyvera cryocrescens (3, 10) could be an ancestor of some plasmid-encoded CTX-M type ␤-lactamases, including CTX-M-9, because all share between 79.4% and 80.4% nucleotide identity rates with CTX-M-9. It is noteworthy that 429 bp downstream of the stop codon of bla CTX-M-9 , a region of 394 bp (from nucleotide 7641 to 8034 of In60), showing a 78% identity with orf3 from K. ascorbata (accession number AJ272538), was observed (Fig. 3) . The orf3 (645 bp long and encoding a putative protein of 215 amino acids) has been described as being close to the chromosomal gene responsible for production of the class A ␤-lactamase KluA-1 of K. ascorbata. Furthermore, the sequence between the bla CTX-M-9 gene and the orf3-like region is also quite extensively preserved (Fig. 3) . Identification of this orf3-like downstream sequence of bla CTX-M-9 gives an additional clue to the origin of at least some CTX-M ␤-lactamase genes, suggesting that this region could come from a Kluyvera relative strain. Comparison of this orf3-like sequence with orf3 revealed one possible nucleotide insertion at the 13th nucleotide from the translational starting point of the former, at which nucleotide a reading frame change originates (Fig. 3) . Following this orf3-like region, a new insertion sequence, designated IS3000, is found (extending from nucleotide 9200 to 12434 of In60). This IS3000 is composed of an ORF 3,015 bp long (orf1005) that is oriented in the opposite direction to the other ORFs (Fig. 1) and is flanked by two imperfect 83-bp IRs (Fig. 4) . The deduced amino acid sequence of orf1005 had 28% amino acid identity with the amino acid sequence of the Tn5501 transposase of Pseudomonas putida (8) .
Orf1005 presents the DD(35)E motif, which is highly conserved in the C-terminal end of transposases (7). However, we were unable to detect IS3000 transposition, despite repeated attempts to do so by using killer-trap vectors according to a previously reported strategy (15) . Therefore, the transposition ability of this putative insertion sequence remains to be determined. Moreover, no 59-be was detected at the end of either bla CTX-M-9 , the orf3-like region, or orf1005.
Close to the downstream IS3000 IR, there is a 45-bp region which exhibits total identity with the last 45 nucleotides of the 59-be of the preceding aadA2 cassette. Immediately after this region, the second 3Ј-CS (only nucleotides 1 to 550 were sequenced), which includes the qacE⌬1 and sul1 genes, was found (nucleotides 12480 to 13029 in In60) (Fig. 4) .
Despite the fact that different PCR analyses were carried out using primers belonging to the characteristic 25-bp IR present in integrons of class 1 (Table 1) (5), the presence of this IR at the 3Ј end of In60 was not detected. Nevertheless, the IR primer allowed us to identify the 5Ј sequence of In60.
Presence of In60 in other strains carrying putative ␤-lactamase CTX-M-9. A total of 34 enterobacteria (30 E. coli and four S. enterica strains) from different and independent sources carrying putative ␤-lactamase CTX-M-9 (according to susceptibility pattern, isoelectric point, and PCR analysis) (13, 14) were isolated during the years 1996 to 1999 in our hospital. The 30 E. coli strains did not correspond to a single epidemic strain. Several groups can be established according to their biotypes, as determined by the method proposed by Richard (12) (data not shown). The four S. enterica strains correspond to the serovar Virchow (14) . Analysis of the surrounding regions of bla CTX-M-9 by PCR using the 341 STOP -I ATGR and I STOPR -O3000 SR (Table 1 ) set of primers showed that 29 of 30 strains had the expected 907-and 2,149-bp regions between bla CTX-M-9 and both orf513 and orf1005, respectively. In the remaining E. coli strain, the 907-bp PCR band (containing orf513) was also detected, but a 600-bp band was obtained instead of the 2,149-bp band (accession number AY092058). The nucleotide sequence of this 600-bp fragment showed a deletion of 1,549 bp, which starts 449 bp downstream of the bla CTX-M-9 stop codon and ends 67 bp before the orf1005 translational stop codon and includes part of an IR (from nucleotide 7660 to 9208 in In60) (Fig. 1) .
Comparative analysis of In60 with other complex sul1-type integrons. In addition to In60, other complex integrons (In6, In7, and the integron in the pSAL-1 plasmid), as cited above, have been identified. In the 5Ј-CS, In60 and the pSAL-1 integron have a weak P1 promoter and a second strong promoter, P2, which was created by insertion of three G residues between preexisting Ϫ10 and Ϫ35 motifs to extend the spacing to 17 bp (5). The In6 and In7 integrons did not have these nucleotide insertions.
Between the 5Ј-CS and the first 3Ј-CS region, the complex integrons pSAL-l, In6, and In60 present an aadA2 cassette. Two of these integrons (In6 and In60) each have an unrelated additional cassette (aacA4 and dfrA16, respectively), and In7 contains the aadB cassette. In both 3Ј-CS regions, important differences are detectable between In60 and other complex integrons known. Thus, in In60 there is a 6.4-kb DNA fragment which includes bla CTX-M-9 , the orf3-like region, and orf1005, while in In6, In7, and pSAL-1, there are a catA2 gene contained in a 2.4-kb fragment, a dfrA10 gene carried in a 0.7-kb fragment, and ampC and ampR genes contained in a 2.5-kb fragment, respectively (Fig. 1) . Furthermore, and in contrast to what happens in In6, In7, and pSAL-1, the second 3Ј-CS of In60 has not lost any part of its 5Ј end.
In conclusion, In60 is the fourth complex sul1-type integron described so far and the first one reported to contain two transposase-like regions (Orf513 and Orf1005). The knowledge concerning the new complex sul1-type integrons will be useful to clarify the origin and evolution of these types of integrons.
The accession number of the In60 is AF174129, which represents an update of the previously deposited sequence, AF174129 (containing bla CTX-M-9 ), and includes AF373103 (containing the 5Ј-CS and 3Ј-CS regions) and AF373104 (containing the region between the two 3Ј-CS regions).
